The purpose of this paper is to introduce new approximation methods for solutions of generalized non-accretive multi-valued mixed quasi-variational inclusion systems involving (A, η)-accretive mappings in q-uniformly smooth Banach spaces and, by using the new resolvent operator technique associated with (A, η)-accretive mappings, Nadler's fixed point theorem and Liu's inequality, we prove some existence theorems of solutions for our systems by constructing the new Mann iterative algorithm. Further, we study the stability of the iterative sequence generated by the perturbed iterative algorithms. The results presented in this paper improve and generalize the corresponding results of recent works given by some authors.
Introduction
It is well known that the ideas and techniques of the variational inequalities and variational inclusions are being applied in a variety of diverse fields of pure and applied sciences and proven to be productive and innovative. It has been shown that this theory provides the most natural, direct, simple, unified, and efficient framework for a general treatment of a wide class of linear and nonlinear problems. Correspondingly, the existence of solutions or the convergence and stability of a suitable iterative algorithm to the system of nonlinear variational inequalities or variational inclusions has also been studied by many authors, see [-] and the references therein.
Recently, Lan et al.
[] introduced a new concept of (A, η)-accretive mappings, which provides a unifying framework for maximal monotone operators, m-accretive operators, η-subdifferential operators, maximal η-monotone operators, H-monotone operators, generalized m-accretive mappings, H-accretive operators, (H, η)-monotone operators, A-monotone mappings. Further, we studied some properties of (A, η)-accretive mappings and defined the resolvent operators associated with (A, η)-accretive mappings which include the existing resolvent operators as special cases. By using the new resolvent operator technique, we also developed a new perturbed iterative algorithm with errors to ©2014 Lan et al.;  licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. http://www.journalofinequalitiesandapplications.com/content/2014/1/461 solve a class of nonlinear relaxed cocoercive variational inclusions with (A, η)-accretive mappings in q-uniformly smooth Banach spaces and prove the convergence and stability of the iterative sequence generated by the perturbed iterative algorithm. For details, we can refer to [-, , , , , , ].
On the other hand, some systems of variational inequalities, variational inclusions, complementarity problems and equilibrium problems have been studied by some authors in recent years because of their close relations to Nash equilibrium problems. Huang and Fang [] introduced a system of order complementarity problems and established some existence results for the problems by using fixed point theory. Kassay and Kolumbán [] introduced a system of variational inequalities and proved an existence theorem by using Ky Fan's lemma. In [], Cho et al. developed an iterative algorithm to approximate the solution of a system of nonlinear variational inequalities by using the classical resolvent operator technique. By using the resolvent operator technique associated with an (H, η)-monotone operator, Fang et al. [] further studied the approximating solution of a system of variational inclusions in Hilbert spaces. Very recently, Guan and Hu [] introduced and studied a system of generalized variational inclusions involving a new monotone mapping in Banach spaces. Furthermore, by using the concept of (A, η)-accretive mappings and the new resolvent operator technique associated with (A, η)-accretive mappings, Lan [] introduced and studied a system of general mixed quasi-variational inclusions involving (A, η)-accretive mappings in Banach spaces, and construct a new perturbed iterative algorithm with mixed errors for this system of nonlinear (A, η)-accretive variational inclusions in q-uniformly smooth Banach spaces. Kazmi et al. [] considered the convergence and stability of an iterative algorithm for a system of generalized implicit variational-like inclusions in Banach spaces. Suwannawit and Petrot [] studied the existence of solutions and the stability of iterative algorithm for a system of random set-valued variational inclusion problems involving (A, m, η)-generalized monotone operators. Because stability is one of optimization theory, it is not surprising to see a number of papers dealing with the study of convergence and stability to investigate various important themes. For other related works, we refer to [, , , , ] and the references therein.
Motivated and inspired by the above works, in this paper, we consider the following system of generalized non-accretive multi-valued mixed quasi-variational inclusions:
where B i is a real Banach space, N i : 
The problem (.) is called a system of mixed quasi-variational inclusion problems, which was studied by Lan [] . Moreover, in this paper, by using the new resolvent operator technique associated with (A, η)-accretive mappings, Nadler's fixed point theorem and Liu's inequality, we prove some existence theorems of solutions for our systems by constructing the new Mann iterative algorithm. Further, we study the stability of the iterative sequence generated by the perturbed iterative algorithms. The results presented in this paper improve and generalize the corresponding results of recent works given by some authors.
Preliminaries
Let B be a real Banach space with the dual space B * , ·, · be the dual pair between B and is defined by
for all x ∈ B, where q >  is a constant. In particular, J  is the usual normalized duality mapping. It is well known that, in general, J q (x) = x q- J  (x) for all x =  and J q is singlevalued if B is strictly convex.
In the sequel, we always suppose that B is a real Banach space such that J q is single-valued and H is a Hilbert space. If B = H, then J  becomes the identity mapping on H. http://www.journalofinequalitiesandapplications.com/content/2014/1/461
The modulus of smoothness of B is the function B : [, ∞) → [, ∞) defined by 
In the sequel, we give some concept and lemmas for our main results later.
Definition . Let B be a q-uniformly smooth Banach space and f , A : B → B be two single-valued mappings. T is said to be:
for all x, y ∈ B; () strictly accretive if T is accretive and
for all x, y ∈ B; () γ -strongly accretive with respect to A if there exists a constant γ >  such that
for all x, y ∈ B; http://www.journalofinequalitiesandapplications.com/content/2014/1/461 () m-relaxed cocoercive with respect to A if there exists a constant m >  such that
Remark . When B = H, ()-() of Definition . reduce to the definitions of monotonicity, strict monotonicity, strong monotonicity, and strong monotonicity with respect to A,
Definition . A single-valued mapping η : B × B → B is said to be τ -Lipschitz continuous if there exists a constant τ >  such that
for all x, y ∈ B.
Definition . Let B be a q-uniformly smooth Banach space, η : B × B → B and H : B → B be single-valued mappings. Then set-valued mapping M : B →  B is said to be:
, and v ∈ M(y); () strictly η-accretive if M is η-accretive and equality holds if and only if x = y; () r-strongly η-accretive if there exists a constant r >  such that In a similar way, we can define strictly η-accretivity and strongly η-accretivity of the single-valued mapping A : B → B.
Definition . The mapping N : B × B → B is said to be -Lipschitz continuous with respect to the first argument if there exists a constant >  such that
In a similar way, we can define the Lipschitz continuity of the mapping N(·, ·) with respect to the second argument. for all u ∈ B is
) is a constant.
Approximation methods and main results
In this section, by using the resolvent operator technique associated with (A, η)-accretive mappings, we introduce the new Mann iterative algorithm with mixed errors for solving the system (.) of generalized nonlinear mixed quasi-variational inclusion in Banach spaces and prove the convergence and stability of the iterative sequence generated by the Mann iterative algorithm.
Definition . Let S be a self-mapping of B, x  ∈ X and let {x n } be an iterative sequence in B defined by x n+ = h(S, x n ) for all n ≥ . Suppose that {x ∈ B : Sx = x} = ∅ and {x n } converges to a fixed point x * of S. Let {υ n } be a sequence in B and let n = υ n+ -h(S, υ n ) .
for all n ≥  is said to be S-stable or stable with respect to S.
Lemma . ([])
Let {a n }, {b n }, {c n } be three nonnegative real sequences satisfying the following condition: there exists a natural number n  such that a n+ ≤ ( -t n )a n + b n t n + c n for all n ≥ n  , where t n ∈ [, ],
The solvability of the problem (.) depends on the equivalence between (.) and the problem of finding the fixed point of the associated generalized resolvent operator. From Definition ., we can obtain the following.
and G be the same as in the problem (.).
Then the following statements are mutually equivalent:
, and v ∈ G(y) such that λN  (x, v) for all v ∈ G(y) and
This fixed point formulation allows us to construct the following perturbed iterative algorithm with mixed errors.
Algorithm .
Step . For any (x  , y  ) ∈ B  × B  , define the iterative sequence {(x n , y n )} by
for all n ≥ , where u n ∈ F(x n ), v n ∈ G(x n ), and λ, ρ >  are constants.
Step . Choose the sequences {α n }, {d n }, {e n }, {f n }, and {h n } such that, for all n ≥ , {α n } is a sequence in (, ] with Step . If the sequences {x n }, {y n }, {z n }, {w n }, {α n }, {d n }, {e n }, {f n }, and {h n } satisfy (.) to sufficient accuracy, then go to Step . Otherwise, set n := n +  and return to Step .
Step . Let {(ϕ n , ψ n )} be any sequence in B  × B  and define a sequence
where χ n ∈ F(ϕ n ) and n ∈ G(ψ n ).
Step . If the sequences { n }, {ε n }, {ϕ n+ }, {ψ n+ }, {s n }, {t n }, {α n }, {d n }, {e n }, {f n }, and {h n } satisfy (.) to sufficient accuracy, the stop here. otherwise, set n := n +  and return to
Step . 
for all (x, y, z) ∈ B  × B  × B  and there exist constants λ ∈ (, r  /m  ) and ρ ∈ (, r  /m  ) such that
where c q  , c q  are the constants as in Lemma ., then
() the iterative sequence {(x n , y n , u n , v n )} generated by Algorithm . converges strongly to the solution (x * , y * , u * , v * );
where ( n , ε n ) is defined by (.).
Proof For any λ >  and ρ > , define P λ : Now, we prove that T λ,ρ is a contractive mapping. In fact, for any (x i , y i ) ∈ B  × B  and i = , , there exist u  ∈ F(x  ) and v  ∈ G(y  ) such that
Since F(x  ) ∈ CB(B  ) and G(y  ) ∈ CB(B  ), it follows from Nadler's result [] that there exist u  ∈ F(x  ) and v  ∈ G(y  ) such that
Thus it follows from (.), (.), (.), and Lemma . that
By the assumptions, (.), and Lemma ., we have
Combining (.)-(.), we infer
(.) It follows from (.) that
where
By (.), we know that  ≤ θ <  and it follows from (.) that
This proves that T λ,ρ : B  × B  → B  × B  is a contraction mapping. Thus, from Nadler's fixed point theorem [], it follows that there exist (x * , y
that is,
Hence, by Lemma ., (x * , y * ) is a solution of the problem (.).
Next, for any u * ∈ F(x * ) and v * ∈ G(y * ), let
Then, by (.) and the proof of (.), it follows that
and
Thus we obtain
Since ∞ n= α n = ∞, it follows from Lemma ., (.), and (.) that
, and theĤ-Lipschitz continuity of F and G, we obtain
Thus we know that the sequence {(x n , y n , u n , v n )} converges to a solution (x * , y * , u * , v * ) of the problem (.). Now, we prove the conclusion (). By (.), we know
As in the proof of the inequality (.), we have
Since  < α ≤ α n , it follows from (.) and (.) that
Suppose that lim n→∞ ( n , ε n ) = (, ). Then, from ∞ n= α n = ∞ and Lemma ., it follows that
, and theĤ-Lipschitz continuity of F and G, we have
Hence we know that
as n → ∞. This completes the proof.
Remark . If B  and B  are both -uniformly smooth Banach space and  < λ = ρ < min{r  /m  , r  /m  } is a constant such that
then (.) holds. We note that Hilbert space and L p (or l p ) ( ≤ p < ∞) spaces are -uniformly smooth Banach spaces.
From Theorem ., we have the following results. 
Thus, T λ,ρ is a contractive mapping. In fact, for any (x i , y i ) ∈ B  ×B  and i = , , it follows from (.) and (.) that 
Conclusions
In this paper, we first introduced a system of generalized nonlinear mixed quasi-variational inclusions with (A, η)-accretive mappings in Banach spaces, which includes some systems of quasi-variational inclusions and variational inequality problems as special cases. Then, by using the new resolvent operator technique associated with (A, η)-accretive mappings, Nadler's fixed point theorem, and Liu's inequality, we constructed some new Mann iterative algorithms with mixed errors for the existence of solutions for generalized nonlinear variational inclusion systems in q-uniformly smooth Banach spaces. Furthermore, we http://www.journalofinequalitiesandapplications.com/content/2014/1/461
proved the convergence and stability of the iterative sequences generated by the perturbed iterative algorithm. The results presented in this paper improve and generalize the corresponding results in the literature. By similar methods to the ones this paper, we can study the existence of solutions and the convergence and stability to the following system of general nonlinear mixed quasivariational inclusions:
Find 
